In order to study the role of the SNS in neuroinvasion, we sympathectomized mice using three different protooculation. Instead, keratin 14-NGF transgenic mice, whose lymphoid organs are hyperinnervated by symcols. Permanent sympathectomy was performed by injecting 6-hydroxydopamine (6-OHDA), or anti-nervepathetic nerves, showed reduction in scrapie incubation time and, unexpectedly, much higher titers of growth factor antibodies (anti-NGFAb), into newborn mice. Transient sympathectomy was achieved by adprion infectivity in spleens. We conclude that sympathetic innervation of lymphoid organs is rate limiting ministering 6-OHDA over a period of 7 weeks to 8-to 10-week-old mice. All of these methods cause efficient for prion neuroinvasion and that splenic sympathetic nerves may act as extracerebral prion reservoirs. and protracted sympathectomy (Picklo, 1997). We found that permanent and transient sympathectomy significantly delayed, or even prevented, development of terIntroduction minal scrapie upon i.p. inoculation of the infectious agent.
, a protease-resistant conformer that show massive sympathetic hyperinnervation of lymphoid organs (Carlson et al., 1995) . The incubation of the cellular protein PrP C (Prusiner, 1982) . Although prions are most efficiently propagated through intracetime of scrapie following i.p. inoculation of prions was significantly reduced when compared to nontransgenic rebral inoculation, peripheral infection is the natural route of transmission in most prion diseases. Kuru, BSE, control mice. Surprisingly, hyperinnervated spleens contain Ͼ100 fold more infectivity, suggesting that and the new variant of Creutzfeldt-Jakob disease are caused by oral uptake of the infectious agent, while splenic nerve endings may act as prion reservoirs. parenteral administration of growth hormone and gonadotropins has resulted in iatrogenic CreutzfeldtResults Jakob disease (Glatzel and Aguzzi, 2000a) .
The pathways by which prions invade the central nerEfficient and Specific Sympathectomy Using vous system (CNS) are only partially understood. A large 6-OHDA or a Monoclonal Anti-NGF Antibody body of evidence indicates that both the lymphoreticular Selective sympathectomy was performed by adminissystem (LRS) and peripheral nerves are involved in tering 6-OHDA or anti-NGFAb to wild-type mice. All scrapie neuroinvasion (Klein et (n ϭ 6) and control mice (n ϭ 3) as analyzed by immunolenged with various doses of prions. The effect was more pronounced when permanent denervation was histochemical staining with antibody FDC-M1 to FDCs ( Figure 1C ). To rule out any putative impairment of imperformed by administering 6-OHDA or anti-NGFAb neonatally ( Figure 3B ). In these groups, the mean incumune cells in sympathectomized mice, blood and spleens before and after 6-OHDA injections were anabation times until the onset of terminal scrapie were 244 Ϯ 20 days (10 5 LD 50 units, n ϭ 7) for 6-OHDA-treated lyzed for the presence and total numbers of blood cells utilizing a hemocytometer and fluorescence-activated mice and 254 Ϯ 18 days (10 4 LD 50 units, n ϭ 6) for antiNGFAb-treated mice. One mouse was sacrificed at day cell sorting (FACS). There was no change in blood and splenic CD4 ϩ and CD8 ϩ T lymphocytes (data not shown). 288 because of wasting and did not show histopathological signs of scrapie ( Figures 4I and 4J ). Untreated mice We detected a slight increase in CD11b ϩ leukocytes and B220/CD45R ϩ B lymphocytes in peripheral blood developed terminal scrapie disease after 189 Ϯ 4 days (10 5 LD 50 units, n ϭ 4) and 214 Ϯ 1 days (10 4 LD 50 units, and spleens. After the first injection of 6-OHDA, FACS analysis evidenced a higher amount of leukocytes with n ϭ 4) ( Figure 3B ). Incubation times for mice denervated as adults were a relative decrease in B lymphocytes within a measured population of 10,000 cells (Figure 2 ). Total numbers of 220 Ϯ 4 days (10 6 LD 50 units, n ϭ 7) and 279 Ϯ 25 days (10 3 LD 50 units, n ϭ 5) ( Figure 3A) . One mouse had to be lymphocytes and leukocytes in peripheral blood, as determined by hemocytometer, showed mild increase in taken at day 292 because of wasting and did not show histopathological signs of scrapie or accumulation of CD11b ϩ cells and a minor increase in lymphocytes (data not shown). PrP Sc in brain or spleen ( Figure 5A ). The respective control groups developed terminal scrapie disease after 237 Ϯ 3 days (10 3 LD 50 units, n ϭ 5) and 184 Ϯ 9 days Sympathectomy Delays Development of Scrapie Following Peripheral Prion Administration (10 6 LD 50 units, n ϭ 5) ( Figure 3A) . None of the mockinoculated control mice developed neurological disSympathectomized mice display significant prolongation of incubation times until terminal scrapie when chalease. These mice were sacrificed at day 288 (n ϭ 4 for Figure 6 ). This indicates that phology and prion titers of spinal cords 90 days after i.p. the delay in incubation times of sympathectomized mice inoculation with scrapie prions. We focused on thoracic is not due to downregulation of PrP C in the CNS. segments 7-9 because it was shown that the first pathological changes and replication of infectivity occur in this region (Cole and Kimberlin, 1985 with tga20 indicator mice . As 4.9 logLD 50 ϫ mg Ϫ1 for K14NGF, 2.7, 2.6 logLD 50 ϫ mg Ϫ1 for controls) ( Figure 3D ). expected, prion titers of spinal cords from untreated mice were high (4.1 logLD 50 ϫ mg Ϫ1 and 4.9 logLD 50 ϫ mg 
1999). The innervation pattern of lymphoid organs is mainly sympathetic (Felten and Felten, 1988).
To clarify the role of the SNS in neuroinvasion of prions, we depleted or enhanced sympathetic innervation of lymphoid organs using various regimens. All three sympathectomy protocols chosen, i.e., injection of 6-OHDA in adult or in newborn mice or of anti-NGF antibodies in newborn mice, were shown by histological and biochemical methods to reduce the amount of noradrenergic nerve fibers substantially. Sympathetic denervation significantly delayed the development of scrapie in all experimental designs. In one mouse denervated by 6-OHDA injection and in one mouse of the anti-NGFAb group, treatment blocked prion neuroinvasion completely and prevented all clinical signs of scrapie. A detailed temporal breakup of infectivity titers in spinal cords indicates that sympathectomy inhibited the transport of prions from lymphatic organs to the thoracic spinal cord, which is the entry site of sympathetic nerves to the CNS ( Figure 3D ). We attempted to correlate these findings with quantitative measurements of PrP Sc in spinal cords but were unable to detect PrP Sc at 50-90 days post inoculation. This is probably because biochemical methods are several orders of magnitude less sensitive than prion infectivity bioassays.
The importance of the SNS was further underscored by the time to onset of clinical scrapie in transgenic mice with sympathetic hyperinnervation of immune organs. Hyperinnervated mice developed scrapie symptoms sig- 
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